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ABSTRACT Objective: To explore the potential mechanism of resistance to axitinib in clear cell renal
cell carcinoma (ccRCC) , with a view to expanding the understanding of axitinib resistance, facilitating
the design of more specific treatment options, and improving the treatment effectiveness and survival prog-
nosis of patients. Methods: By exploring the half maximum inhibitory concentration (ICs,) of axitinib on
ccRCC cell lines 786-0 and Caki-1, cell lines resistant to axitinib were constructed by repeatedly stimu-
lated with axitinib at this concentration for 30 cycles in vitro. Cell lines that were not treated by axitinib
were sensitive cell lines. The phenotypic differences of cell proliferation and apoptosis levels between
drug resistant and sensitive lines were tested. Genes that might be involved in the drug resistance process
were screened from the differentially expressed genes that were co-upregulated in the two drug resistant
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lines by transcriptome sequencing. The expression level of the target gene in the drug resistant lines was
verified by real-time quantitative polymerase chain reaction ( RT-qPCR) and Western blot ( WB). The
expression differences of the target gene in ccRCC tumor tissues and adjacent tissues were analyzed in the
Gene Expression Profiling Interactive Analysis ( GEPIA) public database, and the impact of the target
gene on the prognosis of ccRCC patients was analyzed in the Kaplan-Meier Plotter ( K-M Plotter) data-
base. After knocking down the target gene in the drug resistant lines using RNA interference by lentivirus
vector, the phenotypic differences of the cell lines were tested again. WB was used to detect the levels of
apoptosis-related proteins in the different treated cell lines to find molecular pathways that might lead to
drug resistance. Results: Cell lines 786-0-R and Caki-1-R resistant to axitinib were successfully con-
structed in vitro, and their ICy, were significantly higher than those of the sensitive cell lines (10. 99
pmol/L, P<0.01; 11.96 pmol/L, P <0.01, respectively). Cell counting kit-8 (CCK-8) assay, colo-
ny formation, and 5-ethynyl-2’ -deoxyuridine ( EAU) assay showed that compared with the sensitive
lines, the proliferative ability of the resistant lines decreased, but apoptosis staining showed a significant
decrease in the level of cell apoptosis of the resistant lines (P <0.01). Although resistant to axitinib,
the resistant lines had no obvious new replicated cells in the environment of 20 pmol/L axitinib. Nuclear
protein 1 ( NUPRI) gene was screened by transcriptome sequencing, and its RNA (P <0.0001) and
protein expression levels significantly increased in the resistant lines. Database analysis showed that
NUPR1 was significantly overexpressed in ccRCC tumor tissue (P <0.05); the ccRCC patients with
higher expression of NUPRI had a worse survival prognosis ( P < 0. 001). Apoptosis staining results
showed that knockdown of NUPRI inhibited the anti-apoptotic ability of the resistant lines to axitinib
(786-0, P <0.01; Caki-1, P<0.05). WB results showed that knocking down NUPRI decreased the
protein level of B-cell lymphoma-2 ( BCL2), increased the protein level of BCL2-associated X protein
(BAX), decreased the protein level of pro-caspase3, and increased the level of cleaved-caspase3 in the
resistant lines after being treated with axitinib. Conclusion: ccRCC cell lines reduce apoptosis through
the NUPRI-BAX/BCL2-caspase3 pathway, which is involved in the process of resistance to axitinib.

KEY WORDS Clear cell renal cell carcinoma; Axitinib; Nuclear protein 1; Apoptosis; Drug resistance

B i A WA IR R G o LI R R 2 — , R
PARFBC R RV E N 2 FTHEH . fagiit,
RERFFAEA AL 30 JTARB LW, 14 TTRIETHE
FE A e s . B 40 9 9% (renal cell carcinoma,
RCC) 2 WL B i 26, (A 30% 19 RCC 3% 1k
B IHE & A b e B, 1L 20% ~30% 1)
BRYE RCC B HIEBIRA R SE L .

R 4 N 2 AR K I F (vascular endothelial
erowth factor, VEGF) [t 1% 22 iR 15 Fif 4171 1 75 ( tyrosine
kinase inhibitor, TKI) , DA TKI 554z k625 S 4]
7 (immune checkpoint inhibitor, ICI) f{EK-G M A E
KR AR BB H AT A AE B0 R 58 —AC
VEGF 2 TKI B 5 45 Je A4 T 45 — 4% TKI A Hh
Rt BT JE X LA N B2 K 132 A4 (vascu-
lar endothelial growth factor receptor, VEGFR) # y5 5
FURE S A A — A0 TR R R A G T
it 32, AR BT E s S iy o VR BT R e Y
PR SR, AR R BT RS 452 3 d R a]
HEATFARTAIG I G) 5 il XU, &7 e e 5%
PLAEJE T B2 3 5 4 A AT TR . X
RCC (3 B TKLA T80 Biay 7 i e 7™ 26, by
HREREA 1.5 em) fHELE R R JE (1822 0.8 em,
P =0.001) f1&prdE e (W20 0.5 cm,P <0.001)
A 2 D g 1) 7 B R ELAR A, U B e
FHELES —1X TKI £ RCC (58 il Bhidy 7 vh BAT R 3

BEH Fe R RCC HE ) 5 S ik 5 IR YT IR 2R,
VEGF 2& TKI {554 J& AN Al sk /0 9 1 43, R 2l VEGE
R LA 3 G P2t 0 240 Y60 100400 ), 375 e 5 28 10 A= 00 7
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YA T AbBE ] CCK-8 21 a8 5l K 34 M A6 ik
& (CAI210, JE AT T A |, $5UE W5 I &
ccRCC AHMLAYIE 7 , {5 FHRE BRI £ & fL7E 450 nm
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B ZRWMEREE . fEizd Bz )m, iR & A Ho-
chest F1 Apollo 750X 20 il i 47 4 68 )5 (81 B 96
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H BRI 3 ~ 5 d JE, AR AR ST R R e
RRIRIERE SR 3 ~ 5 d M R — > A A
L XoF BT 52 2 1% 2 i e [v] 2 AR 4 200 e ) T 52 1 X 24
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A, cell viability of axitinib resistant and sensitive lines of 786-0; B, cell viability of axitinib resistant and sensitive lines of Caki-1. ** P <0.01, ==

P<0.001, #**x P<0.000 1.

Bl 1 RFEZ0MFRRY 1Cs,
Figure 1 ICs of different cell lines
A . 786-0 B o Caki-1
’ -&-786-0-S+DMSO | Caki-1-S+DMSO
-#-786-0-R+DMSO = Caki-1-R+DMSO ] ¥
L5 —-786-0-S+Axt N L5 P+ Caki-1-S+Axt it
--786-0-R+Axl ] & . = Caki-1-R+Axt
= * i =
b
0.5 0.5
[
0 1 1 1 1 ] 0 ]
1 2 3 4 5 6 1 2 3 4 5 6
t/d t/d

A, CCK-8 assay of 786-0 cell lines; B, CCK-8 assay of Caki-1 cell lines. % P <0.05, #s%%% P <0.000 1. CCK-8,cell counting kit-8 ; DMSO, dimethyl

sulfoxide ; Axt , axitinib.
B2 AFEfARR CCK-8 255
Figure 2 CCK-8 assay of different cell lines

A DMSO Acltinils B — K
786-0-5  786-0-R  786-0S  786-0-R = 10 =
% <120 2
g 2
Y £
= 60 =
Caki-1-R  Caki-1-S = 30 g
“ e “ 0 -
: N
o %
r\"bb & Qi?&x

Group

The colony formation ability of the resistant lines was weaker than that of the sensitive lines in the plate cloning experiment in the drug-free environment.
#% P<0.0l, *%% P<0.001, %*%% P<0.000 1;ns,no significance. DMSO, dimethyl sulfoxide ; Axt, axitinib.

B3 AR ST R g AR

Figure 3  Colony formation assay of different cell lines
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In the EdU assay, the proliferation ability of the resistant lines was weaker than that of the sensitive line in the drug-free environment. # P <0.05, * *
P<0.01, #%% P<0.001, %% P <0.000 1;ns,no significance. DMSO, dimethyl sulfoxide ; Axt, axitinib.
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Figure 4 EdU assay of different cell lines
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In the apoptosis staining assay, the apoptosis level of resistant lines was significantly lower than that of sensitive lines in the presence of axitinib( # % P <
0.01). PI, propidium iodide ; FITC,fluoresceine isothiocyanate ; DMSO, dimethyl sulfoxide ; Axt, axitinib.
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Figure 5 Apoptosis staining assay of different cell lines
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A ,RNA expression level of NUPRI in axitinib resistant lines was higher
than that in sensitive lines( # * % % P <0.0001) ; B, protein expression
level of NUPRI in axitinib resistant lines was higher than that in sensitive
lines. NUPR1, nuclear protein 1.
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Figure 6 Expression level of NUPRI in different cell lines
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NUPRI was successfully knocked down with sh-NUPRI in 786-O and
Caki-1 cell lines. NC, negative control; NUPR1, nuclear protein 1; Axt,
axitinib.
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Figure 7 NUPRI knockdown validation of 786-0 and Caki-1 cell lines
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Knocking down NUPRI inhibited the anti-apoptosis ability of 786-0-R cell lines.

# % P <0.01;ns,no significance. NC, negative control; NUPRI,

nuclear protein 1;PI, propidium iodide ; FITC, fluoresceine isothiocyanate ; DMSO, dimethyl sulfoxide ; Axt, axitinib.
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Figure 8 Apoptosis staining results of 786-0 cell lines
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Figure 9  Apoptosis staining results of Caki-1 cell lines
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A ,silencing NUPRI decreased the protein level of caspase3 and increased the level of cleaved-caspase3 in resistant lines treated with axitinib; B, silen-
cing NUPRI decreased the protein level of BCL2 and increased the protein level of BAX in resistant lines treated with axitinib. NC, negative control;
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axitinib.
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AR FAFAEA R ZAL 55— B AT 3
S RV T Sl AR A A Y TR 2 20 i AR T
— I 2 B AR L SC R, (HiR A B & 58
PREEFR , HL s 2O A S 2 25 W0 A BRAE RS T 251 , i
11T IS B8 5 i 2 AT BT 8 P 240 P S S g A i 245 4
N AR, TITTE TR 24 200 M0 2 ) sl 2 )t A HEA T A A5
5y, Ao 300k 245 0 R 5 i WL 3] 1) 440 e T G A
AE S0k, (R T RE 3858 , 5RO MR 25 40 Y
PURT-REST, B ARPEAT B2 T IS0 i A Y 2520
N3 58 | (R ZEHE I B ERAIE, A FF 5 SRS AR R . 5
L BRI PRI 25 REAS (9 0 Py S R B R BTKF 1 5
ke BT E R JE I BRAT P iR 2430 7 5 22 6 ~ 12 1 H 11
FHEGARE™ A=, Tl PR L RUAE A7 A Bl 5 5 T A0 Al
WiiAyT 25 A0 — 25 3 A1 s TR AT
AV EIRGINESTONE S H kAN N/ DEIRAR R OS] ]
HOR e BAT — BURHE] 9 S, AR 2524,

JP 1 25 SR LA ) B Ve TR S i 245 40 26, R G, ARAT IR IR
FEARTU T AEFATT 25 %86 D) & AL Bl 5 8 Je T 25 )5 s
ILGPHLBTIT ccRCC B FEAT A 10 B A hm i 12
BEBIERRIEE T, 2F— 25 X 25 s 4 U1 7 IR
A5

25 PR ARBFFEARGE T ccRCC 41 i % il £ 85
Je T 24 5 W AR AL, B T AT RE T 24 IR P ML
RIL ccRCC 4 i X} B 5 JE i 24 175 5 )5 34 7 e
B NUPRI FEXT B ER SR it 25 1) ccRCC 41l 3%
KK OF b 3 37 BAX/BCL2-caspase3 38 B§ AR T
B B R 1 400 L R T KT, S Ok BT e
PRSI IG5 . AT ARAL T B e B 1R
T i A e, HA 2P AR 2 T ccRCC X B i B¢
JeTi 2558 Y 25 B, o NUPRI il 57 5 VEGF
2 TKI K GYRYT ccRCC 424t T3Sk 4 , A S >
ccRCC #[a] 25 W13R Y7 T 25 10 45 s , 035 B A I U o



=792 -

B[ AN S

Ko o (
JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)

B R
Vol.55 No.5 Oct. 2023

S7%5 3k

(1]

(2]

[3]

[4]

[6]

(7]

[10]

[11]

[12]

[14]

[15]

[16]

Siegel RL, Miller KD, Wagle NS, et al. Cancer statistics, 2023
[J]. CA Cancer J Clin, 2023, 73(1): 17 -48.

Motzer RJ, Bukowski RM, Figlin RA | et al. Prognostic nomogram
for sunitinib in patients with metastatic renal cell carcinomal J].
Cancer, 2008, 113(7): 1552 - 1558.

Nerich V, Hugues M, Paillard MJ, et al. Clinical impact of targe-
ted therapies in patients with metastatic clear-cell renal cell carci-
Onco Targets Ther, 2014, 7. 365 —374.

Powles T, Plimack ER, Soulieres D, et al. Pembrolizumab plus

nomal J].

axitinib versus sunitinib monotherapy as first-line treatment of
advanced renal cell carcinoma ( KEYNOTE-426 ). Extended
follow-up from a randomised, open-label, phase 3 trial[ J]. Lan-
cet Oncol, 2020, 21(12) . 1563 - 1573.

Incorvaia L, Madonia G, Corsini LR, et al. Challenges and
advances for the treatment of renal cancer patients with brain
metastases: From immunological background to upcoming clinical
evidence on immune-checkpoint inhibitors [ J ]. Crit Rev Oncol
Hematol, 2021, 163 103390.

Shepard DR, Garcia JA. Toxicity associated with the long-term use
of targeted therapies in patients with advanced renal cell carcinoma
[J]. Expert Rev Anticancer Ther, 2009, 9(6) : 795 - 805.

Rini BI, Escudier B, Tomczak P, et al. Comparative effectiveness
of axitinib versus sorafenib in advanced renal cell carcinoma
(AXIS) : A randomised phase 3 trial [ J]. Lancet, 2011, 378
(9807) : 1931 -1939.

Cai W, Cai B, Zhou J, et al. Comparison of efficacy and safety
among axitinib, sunitinib, and sorafenib as neoadjuvant therapy for
renal cell carcinoma; A retrospective study[J]. Cancer Commun
(Lond) , 2019, 39(1): 56.

Zhou X, Hou W, Gao L, et al. Synergies of antiangiogenic thera-
py and immune checkpoint blockade in renal cell carcinoma: From
theoretical background to clinical reality[ J]. Front Oncol, 2020,
10, 1321.

Gulati S, Labaki C, Karachaliou GS, et al. First-line treatments
for metastatic clear cell renal cell carcinoma; An ever-enlarging
landscape[ J]. Oncologist, 2022, 27(2) ; 125 - 134.

Choueiri TK, Motzer RJ, Rini BI, et al. Updated efficacy results
from the JAVELIN Renal 101 trial; First-line avelumab plus
axitinib versus sunitinib in patients with advanced renal cell carci-
nomal J]. Ann Oncol, 2020, 31(8): 1030 —1039.

Buchler T, Bortlicek Z, Poprach A, et al. Outcomes for patients
with metastatic renal cell carcinoma achieving a complete response
on targeted therapy: A registry-based analysis [ J]. Eur Urol,
2016, 70(3) : 469 —475.

Buchler T, Poprach A, Bortlicek Z, et al. Outcomes of patients
with long-term treatment response to vascular endothelial growth
factor-targeted therapy for metastatic renal cell cancer[J]. Clin
Genitourin Cancer, 2017, 15(6) : el047 — e1053.

Lu S, Stein JE, Rimm DL, et al. Comparison of biomarker moda-
lities for predicting response to PD-1/PD-L1 checkpoint blockade :
A systematic review and meta-analysis[ J]. JAMA Oncol, 2019, 5
(8): 1195 —1204.

Ballesteros P, Chamorro J, Roman-Gil MS, et al.

mechanisms of resistance to immunotherapy and antiangiogenic

Molecular

treatments in clear cell renal cell carcinomal J]. Cancers ( Ba-

sel), 2021, 13(23) ; 5981.

Xiang Y, Zheng G, Zhong J, et al. Advances in renal cell carci-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

(28]

[31]

noma drug resistance models [ J]. Front Oncol, 2022, 12.
870396.

He W, Cheng I, Zheng B, et al. NUPR1 is a novel potential bio-
marker and confers resistance to sorafenib in clear cell renal cell
carcinoma by increasing stemness and targeting the PTEN/AKT/
mTOR pathway [ J]. Aging ( Albany NY), 2021, 13 (10):
14015 - 14038.

Gotink KJ, Verheul HM. Anti-angiogenic tyrosine kinase inhibi-
tors; What is their mechanism of action? [ J]. Angiogenesis,
2010, 13(1): 1 -14.

Ellis LM, Hicklin DJ. VEGF-targeted therapy: Mechanisms of
anti-tumour activity[ J ]. Nat Rev Cancer, 2008, 8(8): 579 -
591.

Chen Y, Lu Z, Qi C, et al. N (6)-methyladenosine-modified
TRAF1 promotes sunitinib resistance by regulating apoptosis and
angiogenesis in a METTL14-dependent manner in renal cell carci-
nomal J]. Mol Cancer, 2022, 21(1): 111.

Sakai I, Miyake H, Fujisawa M. Acquired resistance to sunitini-
bin human renal cell carcinoma cells is mediated by constitutive
activation of signal transduction pathways associated with tumour
BJU Int, 2013, 112(2) : 211 -220.

Azam F, Mehta S, Harris AL. Mechanisms of resistance to antian-
giogenesis therapy [ J]. Eur J Cancer, 2010, 46 (8): 1323 -
1332.

Huang H, Zhang J, Jiang P, et al.

cell proliferation[ J].

FXR1 facilitates axitinib
resistance in clear cell renal cell carcinoma via regulating KEAP1/
Nrf2 signaling pathway [ J ]. Anticancer Drugs, 2023, 34 (2) .
248 -256.

Mallo GV, Fiedler ', Calvo EL, et al. Cloning and expression of
the rat p8 ¢cDNA, a new gene activated in pancreas during the
acute phase of pancreatitis, pancreatic development, and regenera-
tion, and which promotes cellular growth[ J]. J Biol Chem, 1997,
272(51) : 32360 —32369.

Emma MR, Tovanna JL, Bachvarov D, et al. NUPRI, a new tar-
get in liver cancer: implication in controlling cell growth, migra-
tion, invasion and sorafenib resistance[ J]. Cell Death Dis, 2016,
7(6): €2269.

Martin TA, Li AX, Sanders AJ, et al. NUPRI and its potential
role in cancer and pathological conditions[ J]. Int J Oncol, 2021,
58(5): 21.

Santofimia-Castafio P, Lan W, Bintz J, et al. Inactivation of
NUPRI1 promotes cell death by coupling ER-stress responses with
necrosis| J|. Sci Rep, 2018, 8(1) : 16999.

Madden E, Logue SE, Healy SJ, et al. The role of the unfolded
protein response in cancer progression: From oncogenesis to che-
moresistance[ J]. Biol Cell, 2019, 111(1): 1 -17.

Hetz C. The unfolded protein response: Controlling cell fate deci-
sions under ER stress and beyond[ J]. Nat Rev Mol Cell Biol,
2012, 13(2) : 89 -102.

Kowalczyk T, Sitarek P, Skata E, et al. Induction of apoptosis by
in vitro and in vivo plant extracts derived from Menyanthes trifoliata
L. in human cancer cells[ J]. Cytotechnology, 2019, 71 (1)
165 - 180.

Kluck RM, Bossy-Wetzel E, Green DR, et al. The release of
cytochrome ¢ from mitochondria; A primary site for Bel-2 regula-
tion of apoptosis[ J]. Science, 1997, 275(5303) . 1132 - 1136.

(2023-03-20 Wi fi)

(AR ST A X HBGRE)





